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. , (WE, working electrode) (CE, counter electrode)
(RE) .














$C \frac{de}{dt}$ $=$ $-I_{r}+ \frac{V-e}{R}$ (2.1)
, $C$ $R$ .
$c$ , $k$ .
$\frac{dc}{dt}$ $=$ $-kc+k’(c^{*}-c)$ (2.2)
, , $c^{*}$ .
scaling
.
$\frac{de}{dt}$ $=$ $\frac{V-e}{r}-k_{e}c$ (2.3)
$\frac{dc}{dt}$ $=$ $-k_{\mathrm{c}}c+d(1-c)$ (2.4)
.
. $\theta(e)$ ,
$k_{e}=k_{1}(1-\theta(e)),$ $k_{c}=k_{2}(1-\theta(e))$ . $\theta(e)$ $k_{1},$ $k_{2},$ $V,$ $r,$ $d$
2 ,





$\Omega$ . WE, CE , CE
0 . $\phi$
.
$\Delta\phi$ $=$ 0 in $\Omega$ (2.5)
$C \frac{\partial\phi}{\partial t}$ $=$ $I_{r}+ \sigma\frac{\partial\phi}{\partial z}$ on WE (2.6)
$\phi$ $=$ 0 on CE (2.7)






$\frac{\partial c}{\partial t}=g(e, c)+d\Delta_{xy^{\mathrm{C}}}$ (2.9)







, 1 , 2, 3 .
$c$







$K_{1}(e)$ $=$ $k_{1} \exp(-\frac{\gamma F(e-e_{1})}{RT})$ (3.2}
$K_{2}(e)$ $=$ $k_{2} \exp(-\frac{\gamma F(e-e_{2})}{RT})$ (3.3)




$\frac{de}{dt}$ $=$ $f(e, c):= \frac{V-e}{r}-I_{\tau}(e, c)$
$\frac{dc}{dt}$ $=$ $g(e, c)$
(3.6)
, $f,$ $g$ 3 .
. , $f,$ $g$ $c=0$
, $f$ ,
. .
3: $(e, c)$ $f,$ $g$ ( ) ( ).
122
4
2 . $w$ , $L$
. WE, $\mathrm{C}\mathrm{W}$ .
$\Omega=\{(x, z);0\leq x\leq L, -w\leq z\leq 0\}$ , $x=0,$ $L$ .
$\Delta\phi$ $=$ 0 $((x, z\rangle\in\Omega)$ (4.1)
$c \frac{\partial\phi}{\partial t}$ $=$ $b+ \sigma\frac{\partial\phi}{\partial z}(z=-w)$ (4.2)
$\phi$ $=$ 0 $(z=0)$ (4.3)
$\phi(x+L, z)$ $=$ $\phi(x, z)$ $(-w<z<0)$ (4.4)
$e=V-\phi|_{z=-w}=V-\phi|_{WE}$
$d$, .
, $\Omega=\{(x, z);0\leq x\leq 2\pi, -1\leq z\leq 0\}$ .
$. \frac{\partial\phi}{\partial t}$ $=$ $I_{r}+ \frac{\sigma}{w}\frac{\partial\phi}{\partial z}(z=-1)$ (4.5)
. $\phi$ $x$ :
$\phi(x, z, t)=\sum_{n\in \mathrm{Z}}p_{n}(z, t)e^{inx}$
$z=0$ .
$\Delta\phi=(\frac{2\pi}{L})^{2}\frac{\partial^{2}}{\partial x^{2}}+\frac{1}{w^{2}}\frac{\partial^{2}}{\partial z^{2}}$
$p_{n}(z, t)$ $=$ sinh $( \frac{2\pi nwz}{L})q_{n}(t)(n\neq 0)$ (4.6)
$p_{0}(z, t)$ $=$ $zq0(t)$ (4.7)
$z=-1$
$\frac{dq_{0}}{dt}$ $=$ $-I_{0}^{\mathrm{A}}(q_{*})+ \frac{\sigma}{w}q_{0}$ (4.8)
$\frac{dq_{n}}{dt}$ $=$ $- \frac{1}{\sinh(\frac{2\pi nw}{L})}\hat{I}_{n}(q_{*})-\frac{2\pi\sigma n}{L}\coth(\frac{2\pi wn}{L})q_{n}$ (4.9)
. $\hat{I}_{n}$ $I_{r}$ $n$ . $w/Larrow \mathrm{O}$




$\Delta=\partial^{2}/\partial x^{2}$ . $\phi$ $e$ .
$-e_{t}=- \frac{\sigma}{w}(V-e)-\frac{(2\pi)^{2}\sigma}{3L^{2}}\Delta e+I_{r}$
3 , ’JJ‘ , $\Omega=\{(x, y, z);(x, y)\in$









$c \frac{\partial\phi}{\partial t}$ $=$
$I_{r}+ \sigma\frac{\partial\phi}{\partial z}$
$=$ $- \frac{V-e}{w/\sigma}-\frac{w\sigma}{2}\Delta e+I_{r}$
$C \frac{\partial e}{\partial t}=D’\Delta e+\frac{V-e}{R}-I_{\tau}$
, (3.6) $f,$ $g$
. 2 , $\frac{w}{L}$
.
$\{$
$\frac{\partial e}{\partial t}$ $=$ $D\Delta e+f(e, c)$
$\frac{\partial c}{\partial t}$ $=$ $d\Delta c+g(e, c)$
(4.10)
$e,$ $c$ WE . 2
$x\in S^{1},$ $t>0$ , 3 $(x_{1}y)\in WE,$ $t>0$ WE ,
5









$\frac{\partial e}{\partial t}$ $=$ $D \Delta e+f(e, c)-K\int_{WE}edx$













$\frac{\partial e}{\partial t}$ $=$
$D \frac{\partial^{2}e}{\partial x^{2}}+f(e, c)$




$\frac{\partial e}{\partial t}$ $=$ $D \frac{\partial^{2}e}{\partial x^{2}}+f(e, c)-K\int_{WF_{\lrcorner}}edx$
$\frac{\partial c}{\partial t}$ $=$
$d \frac{\partial^{2}c}{\partial x^{2}}+g(e, c)$
(5.2)
$x\in \mathrm{R}$ $e(x, t)=e(x+L, t),$ $\mathrm{c}(x, t)=c(x+L, t)$
.
$(5\sim 1)$ (i) , (5.2) (ii) .
$K$ , $\mathrm{R}\mathrm{E}$
(5.1) 1
(wave train) . [6] , $c$
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